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(57)Abstract: 

PROBLEM TO BE SOLVED: To remove a metallic oxide on the solder 
bonded surface of a substrate to be treated and the dirt on the solder bonded 
surface in a short time by a method wherein high-frequency power subjected 
to first pulse modulation of 1/100000 or higher to 1/10 or lower of a 
prescribed frequency of a specified value or higher is applied to 
high-frequency power of this prescribed frequency of the specified value or 
higher. 

SOLUTION: High-frequency power subjected to first pulse modulation of 
1/100000 or higher to 1/10 or lower of a prescribed frequency of 13.56 MHz >^ 
or higher is applied to high-frequency power of this prescribed frequency of 
13.5MHz or higher. That is, a substrate 4 to be treated is installed on a [i 
high-frequency electrode 5 in a vacuum container 12, the interior of the 
conainer 2 is set at the prescribed degree of vacuum by the operation of a j 
valve 2 and the operation of an exhaust pump 1 and a prescribed amount of 
fluorine compound gas is introduced in the container 12 from bombs 7 by 
massflow controllers 6 via valves 2. Moreover, high-frequency power in a 
state that it is subjected to pulse modulation from a high-frequency power 
generation device 9 is applied to the electrode 5 and the substrate 4 to be 
treated is subjected to plasma treatment under this plasma atmosphere. 
Thereby, a metallic oxide on the solder bonded surface of the board 4 and the 
dirtness of the solder bonded surface are removed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The gas of a fluorine system corrq)Ound is introduced into inter-electrode [ which was prepared in the vacuum housing 
/ which counters ] as a raw gas. In the plasma treatment method of performing the target plasma treatment to the soldered joint 
processing substrate which in:q)ressed power, was made carrying out plasma excitation and was installed in this electrode in this 
vacuum housing to the RF power of predetermined frequency 13.56MHz or more 1/100000 or more [ of predetermined 
frequency ] The plasma treatment method in the last process of the soldered joint processing performed by in:q)ressing the RF 
power which gave the 1st 1/10 or less pulse modulation. 

[Claim 2] The plasma treatment method in the last process of soldered joint processing according to claim 1 of performing RF 
power iitqjression which impressed the RF power of under the frequency of the 1st pulse modulation wave to the 1st pulse 
modulation in the aforementioned plasma treatment method, and gave the 2nd pulse modulation. 

[Claim 3] The claim 1, the plasma treatment method of two publications which have on-off ratio T (%) in 0< T<100% of range 
in the plasma treatment mefliod of the above 1 and the 2nd term. ~ 
[Claim 4] Plasma treatment equipment in the last process of soldered joint processing of having the RF power generator which a 
RF electrode and a grounding electrode are installed in a vacuum housing, replaces with the aforementioned RF generator in the 
RF plasma treatment equipment which has a RF generator, and consists of RF power amplification and a RF signal generator. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[The technical field to which invention belongs] this invention relates to the plasma treatment method of performing plasma 
treatment on the solder front face of a part joint which plasma-ized the raw gas and was prepared on the wiring substrate, and 
equipment, in the electronic-parts mounting process of a semiconductor field. 

[Description of the Prior Art] Although the soldering process which mounts a semiconductor device in a printed-circuit board in 
a semiconductor field is needed, if a metallic oxide or a pollution field exists in the solder front face of the joint beforehand 
formed in the substrate, solder wettability will become inadequate at the time of soldering. Therefore, in order to guarantee the 
reliability of the physical electrical connection of mounting parts, order down stream processing special before and after a 
soldering process is required. That is, in order to maintain wettability, washing by chlorofluocarbon is performed for flux residue 
removal after use of the flux for removing a metallic oxide and a pollution field with pretreatment of a soldered joint, and 
soldering junction. However, since chlorofluocarbon, an volatile organic conq)ost, etc. are towards toughening of regulations 
from a viewpoint of influence on environmental preservation or a human body, surface treatment which does not use flux, 
chlorofluocarbon, etc. is desired. Down stream processing (flux loess) which does not use flux for the soldering process of a 
printed-circuit board is an official announcement patent official report. It is indicated by common [ 5-500026 ] (exanqjle 1 of 
precedence). This technology is the technology which replaces the oxygen in a metallic oxide by the fluorine, and converts to a 
fluoride conq)ound by exposing the metallic oxide currently formed in the solder pad front face on the wiring substrate which 
introduced fluorine system conq)ound gas and was formed in a vacuum housing as pretreatment in the process which solders 
semiconductor parts to a printed-circuit board to the fluorine plasma excited by inq^ression of RF power. As a result of having 
inq)roved the wettability of solder by this plasma treatment, washing in a back process is made unnecessary at the same time it 
makes use of flux unnecessary at a last process. Thus, although it is indicated that it needs to be fluorine content plasma excited 
for this official report for removing a metalHc oxide and a pollution field, it is not described concretely how fluorine content 
plasma is exposed to solder. The plasma treatment method that a soldering process order process can be skipped is learned by- 
impressing the method of-, and RF power continuously, and exposing fluorine content plasma to solder. (Example 2 of 
precedence) However, since there were few electrons with the high energy only by impressing RF power continuously, there was 
a problem that there were also few fluorine radical amounts required for plasma treatment, and plasma treatment time became 
long. 

[Problem(s) to be Solved by the Invention] this invention aims at shortening plasma treatment time in the plasma treatment and 
equipment which ingress RF power, carry out plasma excitation of the fluorine system conq}Ound gas in view of the 
above-mentioned, and are exposed to solder. 

[Means for Solving the Problem] this invention method and equipment iTrq)ress the RF power which gave the 1st 1/100000 or 
more [ of thi s predeterm ined frequency ], and 1/10 or less pulse modulation to the RF power of the predetermined frequency 
beyond^jjjjg^^LM^* * Impress the RF power which gave the 2nd pulse modulation of a low from the frequency of frie 1st 
pulse modulation of before **. Plasma treatment time can be shortened by these meanses. In addition, in a claim 1, the frequency 
of having set predetermined frequency to 13.56MHz or more is hard to take a low and matching (adjustment of an inq)edance) 
from it. Moreover, the opportunity of considered [ in giving the 1st pulse modulation to the RF power of predetermined 
frequency / as 1/100000 or more frequency of predetermined frequency ] of a low and the pulse modulation of power impression 
becomes less than 1/100000, and plasma treatment time becomes long. Moreover, when higher than 1/10, because the plasma 
which could not take matching but was stabilized was not able to be generated, it carried out to 1/10 or less. Furthermore, in the 
claim 3, when Tj ^, plasma does not occur, but when T was 100% , a claim 1 and on-off ratio [ of plasma according to claim 2 ] 
T^(%) could b e 0<T <100%, because it became the same as the example 2 of precedence. Moreover, by carrying out pulse 
modulation to the power Vave in:q)ressed to a RF electrode, since the temperature of plasma gets cold, a rapid ten^erature rise is 
stopped. This has the advantage by which melting of the solder on a printed circuit board is barred in order to prevent 
deformation of a printed circuit board. Moreover, by performing ON and OFF control, since the density of a high-energy 
electron can be made to increase as shown in drawing 3 , many fluorine radicals required for the cleaning on the front face of 
solder can be generated, and plasma treatment time can be shortened. 

[Embodiments of the Invention] Hereafter, the exarrqjle of this invention is explained with reference to a drawing. Drawing 1 
shows the oufline conposition of the parallel monotonous type RF plasma treatment equipment used for - operation of this 
invention method. 9 is a RF power generator, consists of a RF signal generator 1 1 and RF power amplification 10, and is 
connected to RF electrode 5 this minded the matching box 8. Since others are the same as that of well-known conposition, 
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explanation is omitted. The RF power generator 9 gives thed st pjaise"^^u||^Qi)^^ 

more which is to the foundations of this application shown m ^fwinjf2i f^^ 1/100000 or morej^f this frequency ], and 1/10 
or less frequency, as shown in this dra^^i^ (B), and it is set up so tiiat the ^power wMch repeaSTij^^ 
affltKjg^^^]^^ tiie«0n^of£ratio defined beforehand may be generatedrFurthermofeTo ffgie frequ ency of under &e puls?^ 
modulatioThfrequen^ 1st ] givinglEe^l st pulsinw the RF power generator 9^i^sW2nd pulse^ 

modulatiTO/as^hoMi in drawing ZT CYaSdjI: is^set up so that the RF power which repeats successively the ON time T3 andlHe 
OFF time T4 by the on-off ratio defined beforehand may be generated. 

[Exanqjle] this invention method is enforced as follows. That is, the processing substrate 4 is installed on RF electrode 5 in a 
vacuum housing 12, the inside of this container 12 is made into a predetermined degree of vacuum by operation of a bulb 2 and 
operation of the exhaust air pump 1, and the raw gas (SF6, CF4, NFS, CHF3, SiF4 grade) of tiie specified quantity is introduced 
by the mass-flow controller 6 through a bulb 2 from a bomb 7. And the RF power in the state where pulse modulation was given 
to RF electrode 5 from the RF power generator 9 as aforementioned is inqjressed, the gas introduced by it is plasma-ized, and 
plasma treatment of the processing substrate 4 is carried out under this plasma. Thereby, a metallic oxide and dirt are removed. 
Next, the example of processing which carried out plasma treatment with the equipment of drawing 1 is shovra. 
Example 1 of processing When plasma treatment only of the Ist^jJufte^odulation is given and carried out Processing conditions 
1 1) Processing substrat_e_^A printed-circuit board 2) RF power\^06wjf3)^Predete^^ frequency :fl3756]Vfflz 4) The 1st 
modulation frequency ^68kHz5i On-off ratio of the 1st modulatibn3^^^6) Raw gas : SF6gas 50sc cm 7 ) Pressure : 
150mTorr8 RF-electrode temperature : 30 degrees ^ Exam ple 2 of processing \^lienj)lasnia'tfeat5^ 1st and the 2nd j 

giflse^odulati^l^ 1 processing substrateT[ Printed-circuit board ] 2) RF power : 

^i^O0W^3ipredSiS^ ^X56MHz.r68kHz 5) On-off ratio of 1st modulation 

g;50%~The 6 2ndSaulation frequency :1kHz 7) - on-off r atio,P of the 2ndlnodulation']: ^-*5d% 8) Raw gas : SF6 gas SOsccm 
9)^essure : ISOmTorFl O RF-electrode temperature : In the case of processing according to the exanq}le 2 of precedence as a 
result of conqjaring with the exanqjle 2 of precedence the plasma treatment time which makes a soldered joint possible in the 
exanples 1 and 2 of 30-degree-C processing When the processing conditions 1 are apphed for 5 minutes When the processing 
conditions 2 are applied for 1 .5 minutes It was 1 minute. Thus, it became clear by using pulse modulation that are shifted to a 
high-energy field rather than the case where tiie electron in excitation plasma does not give pulse modulation as drav^ng 3 
shows, and it contributes to generation of chemical active species, consequently plasma treatment time is shortened sharply. In 
addition, although the parallel monotonous type was used as equipment in this example, this invention is not limited to this. 
[Effect of the Invention] As mentioned above, equipment can be offered, while according to this invention the process before and 
behind a soldered joint can be skipped and plasma treatment time can be shortened. 
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ABSTRACT : PROBLEM TO BE SOLVED: To remove a metallic oxide on the solder bonded surface of 
a substrate to be treated and the dirt on the solder bonded surface in a short time by a 
method wherein high-frequency power subjected to first pulse modulation of 1/100000 or 
higher to 1/10 or lower of a prescribed frequency of a specified value or higher is applied 
to high-frequency power of this prescribed frequency of the specified value or higher. 

SOLUTION: High-frequency power subjected to first pulse modulation of 1/100000 or 
higher to 1/10 or lower of a prescribed frequency of 13.56 MHz or higher is applied to 
high-frequency power of this prescribed frequency of 13.5MHz or higher. That is, a 
substrate 4 to be treated is installed on a high-frequency electrode 5 in a vacuum 
container 12, the interior of the conainer 2 is set at the prescribed degree of vacuum by 
the operation of a valve 2 and the operation of an exhaust pump 1 and a prescribed 
amount of fluorine compound gas is introduced in the container 12 from bombs 7 by 
massfiow controllers 6 via valves 2. Moreover, high-frequency power in a state that it is 
subjected to pulse modulation from a high-frequency power generation device 9 is applied 
to the electrode 5 and the substrate 4 to be treated is subjected to plasma treatment under 
this plasma atmosphere. Thereby, a metallic oxide on the solder bonded surface of the 
board 4 and the dirtness of the solder bonded surface are removed. 
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